The identification of soybean rust, caused by Phakopsora pachyrhizi Syd. & P. Syd., in Paraguay in 2001 (14) and its subsequent spread to over 95% of the soybean production in Brazil through the 2004 growing season (22, 23) has heightened the awareness of this disease. The rapid spread of P. pachyrhizi and its potential to reduce yields makes this among the most destructive foliar diseases of soybean. Yield losses ranging from 20 to 60% have been reported in Asia, with losses up to 80% reported from experimental plots in Taiwan (7) . Yield losses of 40 to 60% were reported in southern Africa, with reports of 100% loss in individual fields (2) . During the 2003-04 growing season in Brazil, yield losses were estimated at 10% of the crop, an increase from the 5% yield loss reported for the previous growing season (23) .
Soybean rust was identified for the first time in the United States in November 2004 (17) . The commercial soybean cultivars available in the United States are susceptible to soybean rust, and incorporation of resistance into commercial cultivars is several years away (6) . Soybean rust could have a major impact on both total soybean production and production costs in the United States.
The management of soybean rust has been primarily with fungicides (10, 15, 19, 20) . Early research from Asia indicated that mancozeb was effective in reducing disease severity and providing some yield protection when compared with unprotected plots (10, 19, 20) . Other compounds available at the time were compared with mancozeb and were effective, but results varied by test (1, 19, 20) . Fungicide trials in India (15) and southern Africa (9) identified several triazole compounds that were effective against soybean rust. More recent trials in Africa and South America have identified additional triazoles, tebuconazole and tetraconazole, as well as several strobilurins and strobilurin + triazole mixtures, including azoxystrobin, pyraclostrobin, and trifloxystrobin + propiconazole, that were effective for managing soybean rust (3, (11) (12) (13) 22) .
Recent studies from Zimbabwe and South Africa have found that fungicides were most effective when applied during early flowering through grain fill; applications made before flowering did not increase yields (3, 9, 10) . These studies also showed that a single fungicide application was effective in reducing disease and protecting yield; however, the timing of the application was critical. Delaying fungicide application until after the disease was established resulted in significant yield losses (3, 9, 10) .
There is limited information on the efficacy of fungicides that could be used in the United States. The Zimbabwe experiments were conducted with Punch Xtra (flusilazole plus carbendazim), which has not been available to U.S. producers. Several of the fungicides used in South America have formulations that differ from products available in the United States. The objective of these experiments was to obtain information on fungicide efficacy for products that are or could be available to producers in the United States in order to support management guidelines for soybean rust.
MATERIALS AND METHODS
Fungicides were evaluated in the soybean production areas of Paraguay, South Africa, and Zimbabwe during the 2002-03, 2003-04, and 2004-05 growing seasons ( Table 1 ). The fungicides included in the trials differed in each of the three growing seasons (Tables 2, 3 , and 4). There also were differences in the treatments evaluated in Paraguay and Zimbabwe within the 2003-04 and 2004-05 growing seasons (Tables 3 and 4) . Azoxystrobin + cyproconazole was commercially available in Paraguay but not in Zimbabwe, whereas flusilazole + carbendazim was available in Zimbabwe but not Paraguay. Further differences were inclusion of oxycarboxin and triflumizole in Zimbabwe but not Paraguay and the inclu-sion of the azoxystrobin mixtures in Paraguay but not Zimbabwe in the 2003-04 season.
The experimental design was a split plot with four replications at each location. The main effect was fungicide treatment (products and rates) and the subplot treatments were two or three applications of the main effect treatment. The first application of each subplot treatment was between growth stages (GS) R1 and R2, between first and full bloom (4), with subsequent applications made 20 to 24 days apart. During the 2003-04 growing season, there were three treatments with subplots that differed from the two-and threeapplication protocol described above (Table 3). The first of these was azoxystrobin + propiconazole as the main effect with subplot treatments of a single application at 180 + 108 g a.i./ha applied at GS R1, compared with three applications at 90 + 54 g a.i./ha applied as described for the three-application protocol. The second treatment was a single application of tetraconazole (Domark 230ME) at 100 g a.i./ha; the subplot treatments were applications at GS R1 or GS R3. The third treatment that differed was trifloxystrobin + propiconazole applied at GS R1 followed by tebuconazole; the subplot treatments were either one or two applications of tebuconazole, and all applications spaced 20 days apart.
Row width and plot lengths varied by location to conform to local planting practices. All locations in Paraguay and South Africa had row widths of 40 cm; in Zimbabwe, row widths were 70 cm in the Gwebi Variety Testing Center (Gwebi) and 90 cm at Rattray Arnold Research Station (RARS). Plot lengths ranged from 6 to 9 m, with the center 5 m harvested at all locations except those in Paraguay in the 2003-04 growing season, where the center 6 m were harvested from plots 9 m in length. All plots were four rows wide, with all four rows treated with fungicide. The center two rows of each plot were used for all evaluations and harvested for yield. There were two to four nontreated rows between plots to act as a buffer between treatments and as spreader rows within the fields. All cultivars were commercially available and local production practices were followed throughout the growing season.
All locations in Paraguay were infested once or twice by placing infected leaves, collected from volunteer soybean plants near each field, in the spreader rows between plots after flowering. The Cedara location in South Africa was infested between the second and third fungicide application, after rust was found in the area. An early-maturing cultivar was planted 14 to 20 days in advance of the experimental cultivar as a border surrounding the test fields in both locations in Zimbabwe to provide additional inoculum.
In Paraguay, fungicides were applied in a single pass with a CO 2 -pressurized backpack sprayer equipped with a spray wand with 4 TeeJet TJ8002 nozzles (Spraying Systems Co., Wheaton, IL) spaced 40 cm apart and calibrated to deliver water at 375 liters/ha. In South Africa, fungicides were applied in two passes per plot, with a battery-pressurized backpack sprayer equipped with two Lurmark hollow cone ceramic ATR80 nozzles (Lurmark Limited, Cambridge, UK) spaced 50 cm apart and calibrated to deliver water at 200 liters/ha. In Zimbabwe, fungicides were applied in four passes per plot, with a backpack sprayer pressurized by hand, fitted with a pressure regulator and a single Lurmark F110/1.6/3 flood-jet nozzle, and calibrated to deliver water at 400 liters/ha. In all locations, the application wands were held with nozzles centered over the plant row at a height of 20 to 30 cm above the canopy.
Assessments for soybean rust were made before each fungicide application and at 14-to 24-day intervals after the final application; evaluations continued until defoliation in the control plots interfered with assessment. The severity rating from the latest evaluation was used as the final soybean rust severity. On each date of evaluation, severity was rated as a percentage of leaf area covered with uredinia and associated chlorosis within the canopy. These ratings were either a single assessment encompassing the full canopy or were the mean of assessments from the lower, middle, and upper canopy, each taken at five locations within the plot. The single assessment was obtained by visually evaluating severity on fully developed trifoliates from 5 to 10 plants within the plot. When there were three or more dates with soybean rust present, an area under the disease progress curve (AUDPC) was calculated (18) . Defoliation was evaluated visually across the entire plot as percent defoliation.
All plots were hand harvested and mechanically threshed, and seed weights and moistures were obtained. Yields were calculated as kilograms per hectare at 13% moisture. Analysis of variance was performed using JMP statistical software (ver- Table 1 . Country and location of the fungicide efficacy trials within each growing season, with cultivar name, cultivar growth habit and planting date of the field where the experiment was conducted, days after planting to first application (First appl.), first observation of soybean rust (First obsn.), final severity evaluation (Final eval.) and harvest, the mean final soybean rust severity (%) from untreated control plots, and mean yield (Yield) for each location sion 5.1; SAS Institute Inc., Cary, NC). Students' least significant difference test was used to compare means, where α = 0.05. Treatments varied each year and in some cases between countries within a year; therefore, data sets were combined for analysis only when treatments were the same. In the 2004-05 growing season, data from treatments common across locations were used for the cross-location analyses. Because the location-treatment interactions were significant, single location data sets were analyzed for comparison of treatments. Single degree-of-freedom contrasts were used to compare two-and three-application protocol subplots within each treatment using the appropriate error from the analysis of variance.
RESULTS

2002-03 Growing season.
Soybean rust was present prior to the first fungicide application at Romero, Sato, and Yasu in Paraguay during the 2002-03 growing season but the disease development was low, with mean final severities of 26 to 28% in the nontreated control (Table 1) . AUDPC was not calculated for these locations because soybean rust severity did not differ among treatments until the final assessment. Differences were detected between the mean soybean rust severity of the two-and three-application protocols at Romero and Sato but not at Yasu ( Table 2 ). The mean yields at the three locations were low (Table 1) and there were no differences in yield between the application protocols within each location (Table 2) .
Final soybean rust severity at all three locations differed among treatments and all fungicide treatments had less disease than the nontreated control ( Table 2) . Pyraclostrobin and trifloxystrobin + propiconazole were among the treatments that had low soybean rust severity at all three locations, while flutolanil was among the treatments that consistently had high rust severity. Single degree-of-freedom contrasts identified differences between the two and three applications of two and five treatments at Romero and Yasu, respectively, but in nine treatments at Sato. In each comparison, severity was less with three applications compared with two applications of the same fungicide. There were no treatments where differences between application protocols were identified at all three locations, and only pyraclostrobin had low severity with both protocols at all three locations. There were few differences for yield among the fungicide treatments (Table 2). The only treatment to provide yields that differed from that in the nontreated control was boscalid at the Sato location. There also were no differences in yield between the two and three applications within individual treatments. Final disease severity was not correlated with yield at any of the three locations.
2003-04 Growing season. Soybean rust was present prior to the first fungicide application at Sato-1, Sato-2, and Yomo in Paraguay during the 2003-04 growing season; however, the disease development was low, with final severities of 6 to 27% in the nontreated control (Table 1 ). In Zimbabwe, soybean rust was first detected 79 and 107 days after planting at Gwebi and RARS, respectively (Table 1) . Disease development was high, with a final disease severity of 94% in the nontreated control at both locations (Table 1) . Differences were detected between the mean soybean rust severity and mean yields of the two-and three-application protocols at Gwebi and RARS in Zimbabwe, but not at Sato-1, Sato-2, and Yasu in Paraguay (Table 3) . a Significant differences between the means of the two-application (2-A) and three-application (3-A) protocols for each treatment were identified using a single degree of freedom contrast, P = 0.05, and indicated with an "a" following the late protocol mean. For each treatment, the first application of both protocols was applied after first flower and subsequent applications spaced 20 to 24 days apart. b The difference between the 2-A and 3-A protocols was not significant, and there were no significant differences between protocols for individual treatments; therefore, data was combined to obtain means for each treatment. c Active ingredient with product name and formulation. k Difference between means of the application protocols were significant at this location, P < 0.05. l Students' least significant difference (LSD), where P < 0.05.
The final soybean rust severity differed among treatments at all five locations (Table 3). In Sato-1 and Sato-2, all treatments had less severe soybean rust than the nontreated control. At Yomo, where the soybean rust severity was low, all treatments were similar to the nontreated control. There were 16 treatments at Gwebi and 12 at RARS, where severity was less with three applications than with two applications of the same fungicide. Two products, tebuconazole and tetraconazole (Domark 230ME and Eminent 125SL), resulted in severities of 0% for both the two-and three-application protocols at Gwebi and RARS. When tetraconazole (Domark 230ME) at 100 g a.i./ha was applied once at GS R1 or GS R3, the soybean rust severity was 0%, as were the two and three applications at 85, 100, and 115 g a.i./ha. However, at one location, Gwebi, the GS R1 application had a severity of 69% and was similar to the nontreated control. When a single application of azoxystrobin + propiconazole at 180 + 108 g a.i./ha applied at GS R1 was compared with three applications at 90 + 54 g a.i./ha spaced 20 days apart, the disease severity from the single application was similar to that of the nontreated control, whereas the three applications had lower soybean rust severity at both locations. Final rust severity and AUDPC (data not presented) were highly correlated at Gwebi (r = 0.95, P = 0.0001), RARS (r = 0.95, P = 0.0001), Sato-1 (r = 0.92, P = 0.0001), Sato-2 (r = 0.97, P = 0.0001), and Yomo (r = 0.37, P = 0.0001).
Yields differed among treatments at all five locations (Table 3) . Mean yields were low at both Sato locations, ranging from 713 to 1,263 kg/ha, but were high at Yomo, ranging from 4,609 to 6,489 kg/ha. At Yomo, where disease severity was low, most treatments were similar in yield to the nontreated control; the exceptions included azoxystrobin + propiconazole, myclobutanil at 100 g a.i./ha, pyraclostrobin, and tetraconazole (Domark 230ME) at 115 g a.i./ha with three applications. In Gwebi, where disease severity was high, all treatments provided higher yield than the nontreated control except two applications of azoxystrobin + propiconazole, oxycarboxin, and tetraconazole (Domark 230ME) at 115 g a.i./ha. At RARS, all treatments provided higher yields than the nontreated a Gwebi = Gwebi Variety Testing Center and RARS = Rattray Arnold Research Station. b Significant differences between the means of the two-application (2-A) and three-application (3-A) protocols for each treatment were identified using a single degree-of-freedom contrast, P = 0.05, and indicated with an "a" following the 3-A mean; … = treatment not included at the location. For each treatment, the first application of both protocols was applied after first flower and subsequent applications spaced 20 to 24 days apart. c The difference between the 2-A and 3-A protocols was not significant; therefore, data were combined to obtain means for each treatment. Tetracon R1 = a single application of tetraconazole (Domark 230ME) at R1 and Tetracon R3 was a single application at R3. l A nonionic surfactant (0.125%) was included in the treatment. m Means were from three replications; data were discarded due to uneven field conditions that affected plant development. n Difference between means of the application protocols were significant at this location, P < 0.05. o Students' least significant difference (LSD), where P < 0.05.
control except for two applications of azoxystrobin + propiconazole. When compared across locations, pyraclostrobin was consistently among the treatments providing the highest yield, whereas boscalid, chlorothalonil (Bravo 720SC and Echo 720SC), mancozeb, oxycarboxin, and triflumizole tended to be among the treatments providing lower yield.
Differences in yield between the twoand three-application protocols were identified in nine, seven, and nine treatments at Gwebi, RARS, and Yomo, respectively; in each comparison, three applications provided higher yields. Pyraclostrobin was the only treatment where a difference in yield between two and three applications was identified at all three locations. At RARS with tebuconazole and tetraconazole (Domark 230ME and Eminent 125SL), the treatments with 0% disease severity for both two and three applications were among the higher yielding treatments and there were no differences in yield between two and three applications for any treatment of both fungicides. At Gwebi, there were differences in yield between the two and three applications of tetraconazole (Domark 230ME) at 85 and 115 g a.i./ha and, in each comparison, three applications provided higher yields.
The single GS R3 application of tetraconazole (Domark 230ME) at 100 g a.i./ha was similar in yield to the two and three applications at 85, 100, and 115 g a.i./ha at Gwebi, RARS, and Yomo. However, at one location, Gwebi, the yield provided by three applications at 85 g a.i./ha was higher. The GS R3 application also provided a higher yield than the single application at GS R1 at RARS and Yomo but not at Gwebi. When a single application of azoxystrobin + propiconazole at 180 + 108 g a.i./ha applied at GS R1 was compared with three applications at 90 + 54 g a.i./ha spaced 20 days apart, three applications provided higher yield at Gwebi and Yomo but not at RARS. Both treatments provided higher yield than the nontreated control at Gwebi and Yomo but not at RARS. Final rust severity was inversely correlated with yield at Gwebi (r = -0.21, P = 0.003), RARS (r = -0.58, P = 0.0001), and Sato-2 (r = -0.39, P = 0.0001) but was not correlated at Sato-1 and Yomo. The correlations between yield and AUDPC were similar, with an inverse correlation at Gwebi (r = -0.30, P = 0.003), RARS (r = -0.63, P = 0.0001), and Sato-2 (r = -0.34, P = 0.0001), but the correlations were not significant at Sato-1 and Yomo.
Defoliation was recorded at Sato-1, Sato-2, Gwebi, and Yomo and there were differences among treatments at all four locations. However, no treatment was consistently among those with the lowest defoliation across all locations (data not presented). All treatments differed from the nontreated control in Sato-2 and Yomo. At Yomo, the treatment that resulted in the lowest defoliation was azoxystrobin followed by trifloxystrobin + propiconazole; however, in Sato-2, treatments that resulted in the lowest defoliation included azoxystrobin, myclobutanil, propiconazole, tebuconazole, and tetraconazole (Domark 230ME and Eminent 125SL). In Sato-1, the treatments that resulted in the lowest defoliation included azoxystrobin, pyraclostrobin, and trifloxystrobin + propiconazole, whereas the treatments with boscalid, chlorothalonil, mancozeb, and tetraconazole were similar to the nontreated control. Differences in defolia- a Significant differences between the means of the two-application (2-A) and three-application (3-A) protocols for each treatment were identified using a single degree-of-freedom contrast, P = 0.05, and indicated with an "a" following the 3-A mean; … = treatment not included at the location. For each treatment, the first application of both protocols was applied after first flower and subsequent applications spaced 20 to 24 days apart. b Cedara = Cedara, South Africa, Krauss = Krauss, Prarguay, Gwebi = Gwebi Variety Testing Center, Zimbabwe and RARS = Rattray Arnold Research Station, Zimbabwe. c The difference between the 2-A and 3-A protocols was not significant; therefore, data were combined to obtain means for each treatment. n Difference between means of the application protocols were significant at this location, P < 0.05. o Students' least significant difference (LSD), where P < 0.05. tion between two and three applications were detected with tetraconazole (Eminent 125SL) and myclobutanil, where three applications resulted in lower defoliation than two applications, 85 versus 98 and 86 versus 94%, respectively. In Gwebi, three applications of all products, except boscalid, resulted in less defoliation than the nontreated control (Fig. 1) , and there were 12 treatments where defoliation was greater with two applications compared with three applications of the same treatment. Flusilazole + carbendazim, tebuconazole, and tetraconazole were among the treatments that provided the lowest defoliation in both application protocols. The single application of azoxystrobin + propiconazole applied at GS R1 and the three applications at 90 + 54 g a.i./ha were similar to the nontreated control, with 92 and 82% defoliation, respectively. The single applications of tetraconazole (Domark 230ME) at 100 g a.i./ha applied at either GS R1 or GS R3 differed with 80 and 68% defoliation, respectively. The defoliation observed with the single GS R3 application was similar to that observed with two or three applications of tetraconazole at 85, 100, or 115 g a.i./ha. Final rust severity was correlated with defoliation at Gwebi (r = 0.55, P = 0.0001), Sato-1 (r = 0.31, P = 0.0001), and Sato-2 (r = 0.67, P = 0.0001) but not at Yomo. Correlations between AUDPC and defoliation were similar at each location. The inverse correlation between yield and defoliation was low at Gwebi (r =
0001).
2004-05 Growing season. Soybean rust first was observed between the second and third fungicide applications at Cedara and RARS, but not until after the third application at Gwebi and Kraus (Table 1) . The final soybean rust severity was over 75% for the nontreated control at all locations except RARS, where it was 60%. However, the lower severity at RARS was due to the short time period, 14 days, between first observation of the disease and recording of final severity. A later severity assessment was taken, but high levels of defoliation did not allow for an accurate evaluation. When combined across treatments within a location, the differences between the means of the two-and threeapplication protocols were detected at all four locations for final soybean rust severity (Table 4) , at Gwebi and RARS for defoliation (Fig. 2) , and only at Gwebi for yield (Table 4) . Soybean rust severity differed among treatments at all four locations ( Table 4 ). The lowest severities were observed with metconazole + pyraclostrobin, flutriafol, and azoxystrobin + cyproconazole, followed by flusilazole, tebuconazole, and tetraconazole (Domark 230ME). Differences were detected between the two-and three-application protocols for 4, 11, 5, and 6 treatments at Cedara, Krauss, Gwebi, and RARS, respectively. At Cedara, three applications of metconazole + pyraclostrobin at 54 + 90 g a.i./ha, trifloxystrobin + propiconazole at 146 g a.i./ha, and propiconazole at 125 and 189 g a.i./ha resulted in lower severities compared with two applications of the same fungicide. At Krauss, lower severities were observed with three applications of metconazole, pyraclostrobin, and flusilazole at both 90 and 125 g a.i./ha; fenarimol and trifloxystrobin + propiconazole at both 146 and 182 g a.i./ha; and propiconazole at both 125 and 189 g a.i./ha. At Gwebi and RARS, for all treatments where two applications resulted in greater than 20% severity, a third application provided decreased severity. At Gwebi, these included chlorothalonil, fenarimol, flusilazole, oxycarboxin, and triflumizole whereas, at RARS, these were metconazole, metconazole + pyraclostrobin at 52 + 65 and 54 + 90 g a.i./ha, oxycarboxin, trifloxystrobin + propiconazole, and triflumizole. AUDPC followed a pattern similar to the final disease severity, with all treatments different from the nontreated control (data not presented). Final disease severity and AUDPC (data not presented) were correlated at Cedara (r = 0.61, P = 0.0001), Gwebi (r = 0.58, P = 0.0001), and RARS (r = 0.37, P = 0.0001). AUDPC was not calculated at Krauss because the final disease severity was the only assessment with rust present.
Yields differed among treatments at all four locations (Table 4) . At Cedara and Krauss, yields were low and, although all treatments provided higher yields than the nontreated control, there was little difference among treatments. At Cedara, the highest yields were those provided by three applications of flusilazole, metconazole + pyraclostrobin at 52 + 65 and 60 + 75 g a.i./ha, and trifloxystrobin + propiconazole at 182 g a.i./ha, as well as both the two and three applications of pyraclostrobin and tebuconazole at 94 g a.i./ha, followed by azoxystrobin + cyproconazole and azoxystrobin + propiconazole. At Krauss, flutriafol provided the highest yield, followed by metconazole + pyraclostrobin at 54 + 90 and 60 + 75 g a.i./ha, pyraclostrobin, and tebuconazole at 100 g a.i./ha. Yields were higher in the Zimbabwe locations, but there were several treatments in each location that were similar to the nontreated control, including chlorothalonil, fenarimol, flusilazole, oxycarboxin, tebuconazole at 94 g a.i./ha, trifloxystrobin + propiconazole, and triflumizole. Flutriafol, metconazole, metconazole + pyraclostrobin, and pyraclostrobin had the highest yields across both locations. Differences in yield between two and three applications were identified in three, three, and five treatments at Cedara, Gwebi, and RARS, respectively. At Cedara, the treatments included flusilazole, metconazole + pyraclostrobin at 60 + 74 g a.i./ha, and trifloxystrobin + propiconazole at 182 g a.i./ha. At Gwebi, chlorothalonil, metconazole + pyraclostrobin at 40 + 65 g a.i./ha, and oxycarboxin provided higher yields with three applications compared with two applications. At RARS, flutriafol, flusilazole at 125 g a.i./ha, metconazole + pyraclostrobin at 60 + 75 g a.i./ha, pyraclostrobin, and trifloxystrobin + propiconazole at 182 g a.i./ha provided higher yield with three applications compared with two applications. Final rust severity was inversely correlated with yield at Krauss (r = -0.28, P = 0.0003), Gwebi (r = -0.38, P = 0.0001), and RARS (r = -0.27, P = 0.0006) but was not correlated at Cedara. Yield and AUDPC also were inversely correlated at Gwebi (r = -0.37, P = 0.0001) and RARS (r = -0.27, P = 0.0006) but not at Cedara.
The percent defoliation was recorded at Krauss (data not presented), Gwebi, and RARS and there were differences among treatments in all three locations. At both Krauss and Gwebi, defoliation was lower in all treatments compared with the nontreated control; however, at RARS, fenarimol, flusilazole, oxycarboxin, and tetraconazole at 85 g a.i./ha were similar to the nontreated control. There were no differences in defoliation between two and three applications of the treatments at Krauss, but differences were identified in 15 and 5 treatments at Gwebi and RARS, respectively (Fig. 2) . Defoliation was lower with three applications of chlorothalonil, fenarimol, metconazole + pyraclostrobin at 60 + 75 g a.i./ha, tebuconazole at 94 g a.i./ha, and triflumizole compared with two applications in both locations. Pyraclostrobin was among the treatments with the lowest defoliation at both Gwebi and RARS, and defoliation did not differ between two and three applications of the fungicide. Final rust severity was correlated with defoliation at Krauss (r = 0.28, P = 0.0003), Gwebi (r = 0.58, P = 0.0001), and RARS (r = 0.3, P = 0.0001). There also was a correlation between AUDPC and defoliation at Gwebi (r = 0.59, P = 0.0001) and RARS (r = 0.37, P = 0.0001). Yield and defoliation were inversely correlated at Krauss (r = -0.28, P = 0.0003), Gwebi (r = -0.34, P = 0.0001), and RARS (r = -0.46, P = 0.0006).
DISCUSSION
In previous studies, chlorothalonil was shown to be as effective as mancozeb for managing soybean rust (1, 15, 19, 20) . Chlorothalonil and mancozeb are protectant fungicides which remain on the surface of the leaf and generally are most effective when applied prior to infection. In our studies in the locations where soybean rust severity remained low, the yields provided by the protectant fungicides were higher than that of the nontreated control, even when applied after the disease had been observed in the field. However, in locations where soybean rust severity was high, the protectant fungicides were not among the most effective treatments.
The strobilurin fungicides interfere with spore germination and germ tube development, are absorbed into the leaf tissue, and move in a translaminar manner (8, 16) . Like chlorothalonil and mancozeb, the strobilurin fungicides are most effective when applied before infection occurs. In Paraguay during the 2002-03 growing season, where soybean rust was observed in the field prior to the first fungicide application and disease severity remained low, the strobilurin fungicides were among the treatments with the lowest severity. During the 2003-04 and 2004-05 growing seasons, where final severity in the nontreated control was over 50%, the strobilurin fungicides were not as consistent, and three fungicide applications were needed to maintain low soybean rust severity. Azoxystrobin, azoxystrobin + propiconazole, and pyraclostrobin tended to be among the treatments providing higher yields in locations with severe disease, even when final soybean rust severity recorded for those treatments was high. Further confounding comparisons between treatments are reports that strobilurin fungicides produce a physiological response that may result in increased yields in some environments (5, 8, 16) . In locations with low soybean rust severity, the strobilurin fungicides did not consistently provide yields higher than those provided by the triazole fungicides; therefore, no growth regulatory effect on yield in soybean was inferred. However, the strobilurin fungicides tended to be among the treatments where the lowest defoliation was observed. Delayed senescence is a side effect of strobilurin fungicides reported in other crop species (5, 8, 16) .
The triazole fungicides are sterol inhibitors that interfere with sterol biosynthesis in fungal membranes and are absorbed into the leaf tissue and, like the strobilurins, move in a translaminar manner through the leaf (21) . In general, the treatments containing triazole fungicides, alone or in a mixture, performed more consistently than other chemistries. In Zimbabwe, where soybean rust severity was high, low severities were attained with the triazole fungicides flutriafol, metconazole, tetraconazole, and tebuconazole in both the twoand three-application protocols. In locations with high disease severity, the triazole fungicides (tebuconazole and tetraconazole, for example) provided control of soybean rust but were not always among the treatments providing the highest yield. In a previous study, two post-flowering applications of propiconazole were effective in reducing soybean rust and provided yields 33% greater than the nontreated control (15) ; in our studies, propiconazole was among the least effective of the triazole fungicides. The treatments with strobilurin-triazole mixtures tended to provide yields similar to or higher than that of the triazole in the mixture. Less severe soybean rust and less defoliation also were observed with the mixture when compared with the triazole alone.
The soybean cultivars in our trials included both determinate and indeterminate growth habits. Although there were no apparent patterns related to the growth habit of the cultivars, the difference between the two growth habits may have contributed to the location-treatment interaction, as well as a difference between the two-and three-application protocols with some treatments. These effects can be seen in Paraguay in 2003, where there were differences detected between two and three applications of nine treatments at the Sato location, but there were differences detected in two and five treatments at Romero and Yasu, respectively. The cultivar planted in Sato had an indeterminate growth habit whereas the cultivars planted in Romero and Yasu had a determinant growth habit.
Correlations between soybean rust severity, defoliation, and yield differed by location. The lowest correlations were in locations with low yield or low severity, or were in locations where yields did not differ among treatments even though there were differences in severity. The highest correlations between disease severity and yield were observed in Zimbabwe during the 2003-04 growing season, where a severe epidemic developed late in the season. At Gwebi, soybean rust first was observed before the plots had reached GS R5; however, at RARS, the first observation was late in GS R5, and the final soybean rust severity in the nontreated control was similar in both locations, 94%. The nontreated control had 30% lower yield compared with treatments that provided the highest yield within each location. These results indicate that, if the epidemic is severe and develops rapidly, yield losses can be significant even when soybean rust arrives late in the growing season. Further research is needed to quantify the impact of late-season soybean rust epidemics on yield loss and to determine the stage of maturity at which fungicides are no longer needed for yield protection.
The application protocols, two versus three applications with the first application timed at GS R1, were used as subplot treatments to allow for comparisons of the efficacy of the fungicides without the need to time the fungicide applications to disease onset. These protocols were not developed for commercial soybean production in the United States, but were used to simplify implementation and management of the experiments. There were differences between the two and three applications of several of the fungicides, including boscalid, chlorothalonil, flusilazole + carbendazim, myclobutanil, and propiconazole, where the third application was needed to maintain low severity or provide higher yields. The yield and final disease severity provided by azoxystrobin and pyraclostrobin, alone or in mixtures, also tended to differ between the two-and threeapplication protocols, with three applications resulting in less severe soybean rust and higher yields. However, in many of the locations, the two applications of azoxystrobin and pyraclostrobin were among the treatments providing the highest yields when compared among other twoapplication treatments. Treatments of tebuconazole and tetraconazole were among the treatments that were most consistent, with low disease severity and similar yield provided by both two and three applications.
The differences in yield and disease severity provided by two or three applications of several of the fungicides also support results from previous studies, where the timing of the fungicide applications was critical in managing soybean rust (3, 9) . Disease onset was observed after the third fungicide application was made in RARS during the 2003-04 growing season as well as at Krauss and Gwebi in the 2005-06 growing season. Within these locations, three applications of many fungicides were needed to maintain reduced disease severity and provide higher yields. However, two applications of flutriafol, metconazole + pyraclostrobin, myclobutanil, pyraclostrobin, tebuconazole, and tetraconazole maintained low severity and provided yields among the highest in these locations. The effect of application timing was further reinforced by the comparison of the single applications of tetraconazole at GS R1 or GS R3 with two and three applications, all at 100 g a.i./ha. The single application at GS R3 was similar to two and three applications and was more effective in reducing disease severity and providing higher yield than the application at GS R1. These result indicate that a poorly timed application made too far in advance of disease onset will not provide the protection needed to manage soybean rust. The products that were effective in maintaining disease severity when applied 20 or more days in advance of disease onset were limited to a small set of fungicides, among which tebuconazole and tetraconazole were the most consistent, followed by pyraclostrobin and pyraclostrobin + metconazole. Further research under U.S. production practices will be needed to identify the length of time prior to disease onset that the fungicides approved for use in the United States are effective for management of soybean rust.
The fungicides that were registered and labeled for soybean rust management or included in the Section 18 Emergency Exemption request in the United States were effective against the disease. All fungicides reduced soybean rust and provided higher yields in at least some of the locations. However, the fungicides differed in effectiveness in reducing disease severity and providing higher yield. Among the fungicides that were evaluated in these studies, the mixtures of triazole + strobilurin tended to be most consistent, providing higher yields with less severe soybean rust, lower AUDPC, and less defoliation. The triazole fungicides (tebuconazole and tetraconazole, for example) tended to have low soybean rust severity but did not always provide the highest yields at each location. The strobilurin fungicides (azoxystrobin, pyraclostrobin, and trifloxystrobin) tended to have higher soybean rust severities but provided greater yield with less defoliation. This study provides information to develop guidelines for management of soybean rust using fungicides available in the United States.
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